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so‐called	non‐innocent	 character)	 have	emerged	after	 the	pioneering	work	of	Noyori	and	Shvo.3,4	 In	
these	complexes,	the	metal	center	and	one	of	its	ligands	act	in	concert	to	promote	chemical	processes	
taking	 inspiration	 from	 cooperative	 catalysis	 found	 in	 biological	 systems.	 Such	 metal	 /	 ligand	










alkynoic	 acids	 and	 alkynyl	 amides.	 The	manuscript	will	 be	mainly	 divided	 into	 three	 chapters	 as	
follows:	
		The	1st	 chapter	 compiles	a	non‐exhaustive	bibliographical	 survey	of	 the	 field	upon	cooperative	
catalysis.	First,	three	kinds	of	dual‐component	catalytic	systems,	namely	metal‐metal,	organo‐organo	
and	metal‐organo	systems	will	be	introduced	and	illustrated	with	selected	examples.	Metal‐ligand	
cooperation	 in	 catalysis	 will	 then	 be	 discussed	 on	 several	 representative	 systems,	 from	 the	
pioneering	work	of	Noyori	using	amido‐Ruthenium	complexes	for	hydrogenation,	to	the	recent	work	
of	 Milstein’s	 pincer	 complexes	 based	 on	 dearomatized	 pyridine.	 The	 chapter	 will	 end	 with	 the	




by	 structural	modulation	 of	 the	 ligand,	 and	 their	 applications	 in	 catalytic	 cycloisomerization	 via	
metal‐ligand	 cooperation.7	 Initially,	 a	 range	 of	 N‐alkynylamides,	 which	 are	 derived	 from	 the	
corresponding	 alkynoic	 acids	 and	 supposed	 to	 be	 more	 challenging	 substrates,	 were	 readily	
prepared.	Preliminary	results	disclosed	that	the	indenediide	pincer	system	is	capable	to	achieve	the	
cycloisomerization	 of	 N‐tosyl	 alkynylamides	 to	 form	 the	 related	 lactam	 products.	 Nevertheless,	


















application	 upon	more	 challenging	 substrates.8	A	 straightforward	 strategy	 is	 to	 switch	 the	metal	




for	Pd	complexes,	and	then	 fully	characterized	(NMR,	 IR,	XRD).	 Initially,	a	 rapid	evaluation	of	 the	




range	 of	 model	 substrates	 aiming	 for	 the	 formation	 of	 5‐/6‐membered	 lactones/lactams	 were	
employed	in	the	presence	of	two	potent	dimeric	complexes	(Pd	vs	Pt),	for	direct	comparison	of	their	
catalytic	activity.	For	small	5‐memebered	ring	formation,	both	complexes	exhibited	similar	results,	
while	 Pt	 dimer	 obviously	 outperformed	 its	 Pd	 analogue	 upon	 6‐membered	 ring	 formation,	 by	
completing	the	reaction	within	a	considerably	shortened	time,	not	to	mention	reducing	the	catalytic	
loading	to	dreadfully	low.	In	the	light	of	these	results,	we	hold	much	promise	for	using	dimeric	Pt	










the	 cycloisomerization	 of	N‐tosyl	 alkynylamide	 into	 7‐membered	 lactam.	 Both	 results	 showed	 a	








catalytic	 system	 for	 further	 improvements.9	 Several	 catechols	were	 used,	which	 showed	 in	most	
cases	 shortened	 reaction	 times,	 and	 higher	 the	 exo/endo	 selectivities	 for	 internal	 substrates.	
Noteworthily,	the	internal	C6	amide	can	be	completely	cyclized	in	the	presence	of	additives.	
In	summary,	the	originally‐developed	cooperative	non‐innocent	metal‐ligand	indenediide	pincer	
complexes	 demonstrated	 their	 powerful	 activity	 towards	 the	 cycloisomerization	 of	 a	 series	 of	























industrially.	 The	 demand	 for	 novel	 and	 improved	 catalytic	 systems	 has	 continuously	 stimulated	
chemists.	Common	catalytic	processes	normally	 involve	 the	 interaction	of	a	single	catalyst	with	a	
substrate	 (or	 the	 substrates),	 thereby	 generating	 an	 activated	 species	 to	 react	 with	 a	 second	
substrate	 (eventually	 activated	 also).	 Although	 this	mono‐center	 catalysis	 strategy	has	 been	well	
documented	 in	a	vast	number	of	reactions	over	many	decades,	multi‐center	catalysis	concept	has	
lately	emerged	as	a	new	strategy	to	surpass	its	predecessors	with	prospects	to	achieve	difficult	or	





























We	 can	 roughly	 pigeonhole	 homogenous	 catalysts	 into	 transition	 metal	 catalysis	 and	 organic	
catalysis.	Both	of	them	are	extensively	used	in	a	plethora	of	synthetic	transformations.	The	newly	
emerging	trend	of	multi‐center	catalysis	aims	at	combining	the	advantages	of	both	transition	metal	



























Selected	 examples	 of	 basic	 transition	metal	 catalysts	 (e.g.,	 PdCl2(PPh3)2,	 PtCl2,	 Pd(OAc)2,	 …)	 and	



























































































organocatalysts.	 Amine	 catalysis,	 including	 secondary	 amine	 catalysis	 and	 more	 recent	 primary	
amine	catalysis,	plays	an	important	role	in	the	activation	of	carbonyl	compounds.30.	Generally,	amines	






α‐allylic	 alkylation	 of	 unactivated	 aldehydes	 and	 ketones	 with	 allyl	 acetate	 (Scheme	 1.5).33	 This	


































a	palladium(II)	 catalyst	 (Scheme	1.7).40	Such	spirocyclic	 skeletons,	 featuring	a	quaternary	carbon	


















system	 is	 at	 the	 frontier	 between	 two‐center	 cooperative	 catalysis	 and	 bifunctional	 catalysis,	 in	


























































center,	 or	 function	 as	 electron	 reservoirs	 avoiding	 uncommon	 oxidation	 state	 of	 the	metal.	 The	
cooperative	 non‐innocent	 ligands	 also	 avoid	 variation	 of	 the	 oxidation	 state	 of	 the	 metal	 by	
participating	 in	 the	 activation/formation	 of	 covalent	 bonds	 so	 that	 the	 process	 do	 not	 require	








the	 electronic	 properties	 of	 the	 ligand.	 Such	 modulations	 are	 typically	 attained	 by	 introducing	
electron‐withdrawing	 or	 donating	 groups	 at	 the	 ligand,	 which	 may	 require	 laborious	 synthesis.	
However,	 through	 straightforward	 oxidation	 or	 reduction	 of	 a	 redox	 non‐innocent	 ligands,	 the	
property	of	the	whole	complex,	especially	the	Lewis	acidity	of	the	metal,	can	be	easily	tuned	without	




Upon	Oxidation	 of	 complex	 I	 by	 the	 silver	 tetrafluoroborate,	 the	 resultant	 cationic	 complex	 II,	
containing	a	one‐electron	ligand‐radical,	makes	the	metal	a	stronger	Lewis	acid	than	that	of	former	
non‐oxidized	form	I,	while	maintaining	its	oxidation	degree.	This	simple	method	allows	reaction	with	
H2	 to	 afford	 the	 adduct	 III.	 Later	 on,	 double	deprotonation	by	 the	non‐coordinating	base	2,6‐	 (t‐
Bu)2C5H3N	(2,6‐di‐tBu‐pyridine;	TBP)	efficiently	leads	to	the	oxidation	of	H2.		
Comparatively,	the	most	prevalent	application	of	the	redox	non‐innocent	ligands	in	catalysis	is	to	




1st	 row	 transition	 metals	 (Fe,	 Co,	 etc.).	 In	 this	 context,	 if	 the	 redox	 non‐innocent	 ligands	 can	
temporarily	store	extra	electrons	or	vice	versa,	 the	complex	as	a	whole	 is	capable	 to	mediate	 the	
18	
	







































to	 form	 the	π‐complex	B.	 Subsequently,	 a	 two‐electron	oxidative	 addition	 process	 takes	 place	 to	




from	 iron,	 which	maintains	 the	 energetically	 favorable	 Fe(II)	 oxidation	 state,	 instead	 of	 the	 less	
favorable	 Fe(IV).	 The	 resultant	 intermediate	 C	 then	 undergoes	 a	 formal	 two‐electron	 reductive	
elimination	 process,	 with	 formation	 of	 another	 new	 C‐C	 bond,	 to	 release	 the	 net	 product	 and	
regenerate	 the	 complex	 A.	 Therefore,	 the	 electron‐storage	 capacity	 of	 the	 ligand	 makes	 iron	 to	
maintain	its	stable	Fe(II)	oxidation	state,	instead	of	the	unstable	high‐energy	Fe(0).	Recently,	such	


















the	 computational	 study	 (DFT)	 support	 the	 ligand‐centered	 redox	 behavior	 of	 the	 complex,	 and	




























wide	 range	of	 catalytic	 systems	 involving	cooperative	non‐innocent	 ligands	have	been	developed	
during	the	last	decade,	but	in	this	section	only	two	representative	examples	will	be	discussed	in	order	




and	 play	 an	 important	 role	 in	 both	 stoichiometric	 and	 catalytic	 reactions,	 in	 particular,	 the	
hydrogenation	of	unsaturated	substrates	RR’C=X	(X	=	O,	NR).63	
In	2006,	Bergman	and	co‐workers	reported	a	chiral	zirconium	bis‐(amido)	complexes,	which	 is	








In	 2001,	Noyori	was	 awarded	 the	Nobel	 Prize	 for	 his	 spectacular	 achievements	 in	 asymmetric	
catalysis.65	In	particular,	his	group	has	made	tremendous	contributions	on	metal‐ligand	cooperative	
transformations.	 Their	 feature	 chiral	 RuII	 amido	 complexes,	 display	 very	 high	 activity	 and	
enantioselectivity	 (turnover	 frequency	 (TOF)>200	 000	 h‐1;	 turnover	 numbers	 (TON)>2	 ×	 106;	
ee>98%).	 The	 representative	 catalytic	 mechanism	 of	 hydrogenation	 of	 ketones	 by	 such	 amido	
































their	 ability	 to	 promote	 the	 acceptorless	 and	 acid‐free	 dehydrogenation	 of	 alcohols	 to	 carbonyl	
compounds.70	The	main	particularity	of	these	complexes	is	their	ability	to	be	deprotonated	in	the	






The	 first‐generation	 catalyst	 precursor	 [RuIICl(N2)H(tBu‐PNP)]	 (Figure	1.7)	was	 applied	 for	 the	
dehydrogenation	of	secondary	alcohols	into	the	corresponding	ketones	with	liberation	of	dihydrogen.	
However,	the	efficiency	of	this	transformation	is	quite	low	even	at	elevated	temperature	(>	100	°C)	
and	 in	 the	presence	of	 a	base.	 In	 addition,	 the	primary	 alcohols	 cannot	be	 transformed	with	 this	
system,	unless	the	steric	hindrance	of	the	metal	complex	is	reduced	by	replacing	the	bulky	tBu	groups	
for	iPr	groups.	In	this	regard,	the	analogous	[RuIICl(CO)H(iPr‐PNP)]	complex	was	prepared	and	used	




































co‐workers,	 introducing	 the	 organometallic	 amide	 complexes	 of	 rhodium	 and	 iridium.76	 The	
important	concept	of	reversible	storage	of	H2	upon	a	transition	metal‐ligand	framework	was	later	








in	 the	 deprotonated	 amido	 form,	 to	 achieve	 efficient	 catalytic	 transformations.	 Such	 discoveries	




In	 some	 cases,	 as	 in	 the	 reduction	 of	 α,β‐unsaturated	 ketones,	 the	 chemoselectivity	 of	 these	
systems	 is	of	great	value.	Efficient	and	selective	asymmetric	hydrogenation	of	carbonyl	groups	 in	
olefinic	 ketones,	 especially	 the	 α,β‐unsaturated	 ketones,	 is	 a	 long‐standing	 problem	 in	 organic	
chemistry.	 The	 resultant	 chiral	 allyl	 alcohol	 products	 are	 important	 intermediates	 for	 further	
transformations,	such	as	Claisen	reaction	and	a	range	of	SN2'	substitution	reactions.84,85	Various	metal	
hydride	 reagents,	 such	 as	 NaBH4	 and	 LiAlH4,	 can	 reduce	 the	 C=O	 linkage	 selectively,	 but	
stoichiometrically.	Despite	extensive	efforts,	most	reported	catalyst	systems	are	selective	for	the	C=C	
bonds,	 rather	 than	 the	 C=O	 bonds.	 Moreover,	 some	 simple	 enones	 are	 very	 sensitive	 to	 basic	
conditions,	hindering	the	utility	of	some	catalytic	systems	involving	bases.	An	elegant	solution	was	
reported	 by	 Noyori’s	 group	 with	 the	 XylBINAP/DAIPEN‐ruthenium	 catalyst	 (S,S)‐[Ru]	 a.	 In	 the	
presence	 of	 this	 complex	 and	 K2CO3,	 a	 weak	 base	 co‐catalyst,	 benzalacetone	 can	 be	 efficiently	
hydrogenated	in	2‐propanol	to	the	corresponding	R	alcohol	in	97%	ee	under	80	atm	of	H2	(Scheme	
1.17).86	This	catalytic	system	can	give	access	to	a	variety	of	chiral	allyl	alcohols,	from	the	structurally	




Such	 phosphane/1,2‐diamine‐ruthenium	 complexes	 have	 been	 intensively	 investigated	 by	
Noyori’s	group	and	widely	utilized	to	catalyze	asymmetric	hydrogenation	of	a	large	variety	of	simple	































bis‐(di‐tert‐butylphosphinomethyl)pyridine].69	 The	 dehydrogenation	 of	 secondary	 alcohols	 to	 the	








Two	 other	 types	 catalytic	 systems	 were	 later	 introduced	 by	 Yamaguchi	 and	 Gelman.	 In	 2007,	
Yamaguchi	and	co‐workers	reported	a	new	Cp*Ir	complex	h	containing	a	2‐hydroxypyridine	ligand.	










Comparatively,	 related	dehydrogenation	of	primary	alcohols	 to	 the	 corresponding	aldehydes	 is	
scarcely	 reported,	mainly	due	 to	 the	deactivation	of	 the	 ruthenium	complexes	 resulting	 from	 the	
decarbonylation	 of	 the	 aldehydes.	 Recently,	 Fujita	 and	 Yamaguchi	 reported	 an	 iridium	 catalyst	 j	
which	can	realize	the	transformation	of	alcohols	into	aldehydes	(Scheme	1.21).91	A	further	modified	
water‐soluble	catalyst	k	was	developed	that	can	catalyze	the dehydrogenation	of	both	secondary	and	











and	 activators.	 Instead	 of	 the	 conventional	 condensation	 of	 alcohols	 and	 carboxylic	 acids	 (or	






complex	 [(η4‐tetracyclone)(CO)2Ru]2	 and	 its	 analog	 (η4‐tetracyclone)(CO)3Ru	were	 discovered	 by	
Shvo	and	co‐workers	(Scheme	1.23).94	This	dinuclear	Ru	complex	bearing	a	tetraphenyl‐substituted	
hydroxycyclopentadienyl	ligand,	has	been	widely	used	as	a	stable	pre‐catalyst	for	a	range	of	reactions	





it	 dissociates	 in	 solution	 into	 two	 part,	 i.e.	 the	 monomeric	 complex	m	 and	 the	 coordinatively	
unsaturated	one	n,	which	are	indeed	responsible	for	the	catalytic	activity.	This	system	is	among	the	
earliest	examples	of	hydrogen	transfer	catalysis	involving	metal	/	ligand	cooperativity.	Casey96,97	and	














based	 ruthenium	 pincer	 complexes	 with	 a	 new	 mode	 of	 metal‐ligand	 cooperation,	 involving	
aromatization‐dearomatization	process	of	the	pyridine	moiety,	leading	to	unusual	bond	activation	
and	to	novel,	environmentally	benign	catalysis.71	
These	 complexes	 can	perform	direct	 catalytic	 dehydrogenative	 coupling	of	 primary	 alcohols	 to	
esters	with	high	efficiency	(Scheme	1.25).	Complexes	o,	p,	and	r	need	a	catalytic	amount	of	base,	for	
in	situ	generation	of	 the	corresponding	dearomatized	complexes	by	deprotonation,	which	are	the	












More	specifically,	 the	 intramolecular	esterification	with	diols	can	be	used	 to	directly	obtain	the	










century.	 Similar	 to	 other	 fundamental	 reactions,	 approaches	 that	 can	 proceed	 under	 neutral	
conditions	with	generation	of	less	wastes,	are	always	desirable.	An	ideal	approach	is	obviously	the	
direct	transformation	of	alcohols	and	amines	to	the	corresponding	amides,	with	clean	liberation	of	
H2.100	 However,	 this	 reaction	 is	 difficult	 to	 achieve	 because	 of	 competitive	 dehydration	 of	 the	
intermediate	hemiaminals	leading	to	imines.	
By	 virtue	 of	 complex	q,	 a	 range	 of	 alcohols	 could	 readily	 react	with	 alkyl	 and	 aryl	 amines	 and	



























				As	 discussed	 in	 this	 section,	metal‐ligand	 cooperation	 has	 developed	 rapidly	 since	 the	 seminal	
work	of	Noyori,	Shvo,	Milstein,	….	Most	of	the	efforts	have	been	focused	so	far	to	transformations	





for	 the	 functionalization	 of	 organic	 substrates.103	 Recently,	 Tatsumi,	 Oestreich	 et	 al.	 reported	 a	






stabilized	 silicon	 electrophile,	 while	 maintaining	 the	 Ru‐S	 interaction	 (Scheme	 1.32).104	 This	
presumed	sulfur‐stabilized	trivalent	silicon	cation	of	complex	t‐1	is	then	attacked	by	the	C‐3	position	
of	indole,	yielding	the	Ru‐H	hydride	complex	t‐2.	The	weakly	basic	sulfur	atom	of	complex	t‐2	can	
abstract	 the	 proton	 from	 the	Wheland	 type	 intermediate	B,	 resulting	 in	 the	 formation	of	 the	net	






































Another	 interesting	 example	 involving	 Si‐H	 and	 C‐F	 bond	 activation	 promoted	 by	 the	 same	
tethered	 ruthenium	 thiolate	 complex	 t	 was	 reported	 later	 on	 by	 Oestreich	 and	 co‐workers.105,169	








































It	 starts	with	 the	 crucial	metal‐ligand	 cooperative	 activation	 of	 the	N‐H	bond	of	 the	 substrate	by	
39	
	



















electrophilic	 Pd	 center	 and	 an	 electron‐rich	 ligand	 backbone	 (indenediide).111	 The	 non‐innocent	
character	of	the	indenediide	ligand	was	first	evidenced	by	stoichiometric	reactions	with	organic	and	
metallic	 electrophiles,112,113	 and	 then	 it	 was	 applied	 to	 the	 catalytic	 intramolecular	 addition	 of	
carboxylic	acids	to	alkynes.	The	reaction	occurs	in	the	absence	of	external	base,	thanks	to	the	metal‐







Despite	 the	 good	 results	 obtained	 with	 this	 indenediide	 Pd	 complex,	 some	 limitations	 were	
observed	when	working	with	certain	internal	alkynes	and	with	precursors	of	seven‐membered	rings,	
suggesting	that	there	is	room	for	improvement.	In	addition,	we	were	eager	to	extend	the	application	
of	 this	 indenediide	 system	 to	 the	 transformation	 of	 more	 challenging	 substrates,	 and	 the	
















Actually,	 the	 reactivity	 of	 most	 of	 these	 metal‐ligand	 cooperative	 complexes	 has	 proven	
particularly	 attractive	 for	 hydrogenation	 or	 dehydrogenation‐related	 catalysis,	 involving	 the	
cleavage	of	H2	or	a	sacrificial	alcohol	as	a	crucial	step.	Moreover,	some	complexes	have	been	shown	

























































































































































applications	 upon	 the	 challenging	 cycloamidation	 reactions	 of	 alkynylamides.	 The	 catalytic	
performance	 of	 different	 Pd	 complexes	 will	 be	 investigated,	 as	 well	 as	 the	 substrate	 scope.	 The	








contrast,	 very	 rare	 examples	 of	 cyclopentadienylidene	 or	 indenylidene	 coordination	modes	 have	
been	reported	up	to	now.	Although	the	first	example	of	cyclopropenylidene	complex	was	reported	
nearly	 50	 years	 ago,3	 it	 is	 not	 until	 1997	 that	 the	 related	 and	 to	 date	 unique	 Tantalum	
cyclopentadienylidene	 complex	 A	 was	 structurally	 authenticated.4	 Later	 on,	 some	 other	 1‐
indenylidene	Ruthenium	complexes	of	type	B	have	been	prepared	from	allenylidene	precursors	via	















with	 Zr	 and	Pd	 (Figure	 2.3).15	 Full	 characterization	by	NMR	 and	X‐Ray	diffraction	 confirmed	 the	
highly	symmetric	structure	of	these	complexes.	
Closely,	from	the	proligand	1‐H,	the	1,3‐bis(thiophosphinoyl)indene,	a	family	of	2‐indenediide	Pd	
pincer	 complexes	 bearing	 different	 co‐ligands	 (Cl,	 PPh3	 …)	 was	 readily	 prepared	 and	 fully	
characterized	by	NMR,	X‐ray	analysis,	as	well	as	theoretical	methods.	Noteworthily,	results	indicated	












DFT	 studies,	 including	NBO	and	AIM	analysis,	 revealed	 a	 similar	 bonding	 situation	 in	 all	 these	
complexes,	with	strong	σ	bonding	but	weak	(if	any)	π	interactions	between	C2	and	M.	This	bonding	







The	molecular	orbitals	of	 the	zirconium	and	palladium	 indenediide	complexes	confirmed	 the	π	
interaction	of	C2	with	C1	and	C3,	and	the	absence	of	π	interaction	between	C2	and	the	metal.	As	an	
example,	for	the	palladium	complex	G	(Figure	2.4	a),	the	HOMO‐19	and	HOMO‐1	orbitals	both	display	






































indicated	 that	 this	 kind	 of	 complexes	 is	 best	 delineated	 as	 indenediide	 Pd(II)	 pincer	 complexes,	
consisting	of	an	electrophilic	Pd	center	and	an	electron‐rich	ligand	backbone	(Figure	2.5).	With	this	





















































Entrya	 Cat.	 Pd	mol%	 T	(°C)	 Time	(h) Conv.	(%)b	
1	 1a	 5	 25	 1	 99	
2	 1b	 5	 25	 1	 99	
3	 1c	 5	 25	 1	 99	
4	 1b	 1	 25	 24	 99	














between	 the	 two	 reactive	 moieties,	 can	 proceed	 the	 cyclization	 to	 form	 the	 3‐methylene‐3H‐





















Control	 experiments	 also	 demonstrated	 the	 role	 of	 the	 indenediide	 Pd	 complexes	 (Table	 2.3).	













Entrya	 Cat.	 Pd	mol%	 T	(°C)	 Time	(h)	 Conv.	(%)b	
1	 2a	 5	 25	 36	 0	
2	 3a	 5	 25	 24	 0c	
3	 3b	 5	 25	 24	 15	
































Given	 the	 success	 of	 the	 previous	 work21	 in	 our	 lab	 with	 Palladium	 pincer	 complex	 on	
cycloisomerization	of	alkynoic	acids,	we	moved	one	further	step	applying	this	catalytic	system	on	




similar	 reactions	 for	 cycloisomerization	happen	with	 amides	 via	 our	 current	 palladium	 systems?	
Besides,	we	must	keep	in	mind	that	in	addition	to	lactams	resulting	from	N‐attack,	an	O‐attacked	kind	







































as	 catalysts	 for	 cycloisomerization	 reactions.	 These	 complexes,	 namely	 monomeric	 complexes	
{Bu4N}{PdCl[Ind(Ph2P=S)2]}	(Ia)	(δP	=	44.5	ppm),	{Bu4N}{PdI[Ind(Ph2P=S)2]}	(Ib)	(δP	=	51.3	ppm),	
































2.9).	 Thus,	 the	 transformation	 of	 amide	1a	proceeded	 selectively	 via	 5‐exo‐dig	 cyclization	 on	N‐
58	
	











































conversion	 after	 24	 h	 using	 Ia	 as	 catalyst.	 After	 purification,	 the	 X‐ray	 analysis	 confirmed	 the	
structure	(Figure	2.10).	Increasing	the	substrate	concentration	(from	0.14	to	1.0	M)	allowed	us	to	
increase	the	conversion	to	82%	(entry	5),	but	the	reaction	failed	to	reach	completion	even	after	a	
Entry	 Substrate	 Cat.	 T	(°C)	 time	(h)	 Conv	(%)	
1	 1a	 Ia	 60	 1h	 >99	
2	 1a	 Ib	 60	 1h	 81	
3	 1a	 Ic	 60	 50min	 >99	
4	 1b	 Ia	 90	 24h	 67	
5	 1b	 Ia	 90	 24h	 82c	
6	 1b	 Ib	 90	 24h	 49	
























mechanism	 part.	 As	 the	 reactions	 proceeded,	 at	 around	 4	 hours,	 another	 set	 of	 doublet	 signals	
appeared,	indicating	the	formation	of	bis(thiophosphinoyl)indene,	which	is	the	free	ligand	(δ	=	45.6	
&	31.0	ppm).	As	the	reaction	continued	on,	the	signals	of	free	ligand	continuously	increased	until	the	


















was	 thus	 designed,	 aiming	 to	 increase	 the	 catalyst	 robustness	 to	 overcome	 the	 problem.	 In	 this	
respect,	a	straightforward	modulation	was	anticipated	to	increase	the	electron	donating	character	of	
the	thiophosphinoyl	side	arms	by	varying	the	R	substituents	on	the	phosphorus.	
In	 comparison	with	 the	 phenyl	 group,	 the	 isopropyl	 group	 is	more	 electron‐donating,	 and	 the	
replacement	by	 this	 group	 is	 supposed	 to	 change	 the	 interaction	between	metal	 and	 ligand.	Two	
aspects	of	changes	are	expected	to	take	place:	1)	a	more	electron‐rich	backbone,	which	should	be	
beneficial	 for	 the	 deprotonation	 of	 the	 N‐H	 bond	 of	 the	 amide;	 2)	 a	 stronger	 metal‐ligand	







and	 tBuOK,	 in	 presence	 of	 nBu4NCl,	 the	 monomeric	 chloropalladate	 indenediide	 complex	 II	was	
















This	 can	 be	 served	 as	 a	 proof	 that	 the	 newly‐modulated	 complexes	 have	 stronger	 metal‐ligand	
64	
	

























































the	 formation	of	 5‐membered	 rings.	This	phenomenon	has	 been	known	and	 studied	 for	nearly	 a	














Relative	Rate	R1	 R2	 R3	 R4	
H	 H	 H	 H	 1	
H	 H	 H	 CH3	 6	
CH3	 H	 H	 H	 21	
CH3	 CH3	 H	 H	 248	
H	 H	 CH3	 CH3	 252	
CH3	 CH3	 CH3	 H	 1360	
H	 CH3	 CH3	 CH3	 2040	
































Several	 representative	 amides	 for	 more	 challenging	 larger	 rings	 formation	 were	 prepared,	 to	
further	evaluate	 the	new	catalytic	 system.	We	 firstly	assessed	a	benzo‐fused	amide,	 in	which	 the	
aliphatic	 linker	 between	 the	 N‐tosyl	 amide	 and	 alkyne	 moieties	 was	 then	 replaced	 by	 an	
orthophenylene	spacer.	Cyclization	of	1f	occurred	at	120	°C	with	endo	instead	of	exo	selectively	to	
give	the	seven	membered	product	2f	(entry	6,	95%	conversion,	51%	isolated	yield),	compared	to	the	













steric	 repulsion	 between	 the	 terminal	 substituent	 and	 a	 nucleophile.	 Thus,	 to	 further	 extend	 the	





NMR	analysis.	According	to	 the	1H,	a	 triplet	of	doublets	(td)	signal	appeared	at	5.5	ppm,	which	 is	






















Entrya	 Sub.	 Cat.	 T	(°C)	 Time	(h)	 Conv	(%)b	 O‐/N‐attack	
1	 1i	 Ia	 50	 5	 53	 92/8	
2	 1i	 Ic	 50	 5	 51	 93/7	
3	 1i	 III	 50	 5	 87	 84/16	
4	 1i	 III	 35	 20	 >99	(89)	 86/14	
5	 1j	 Ia	 50	 4	d	 51	 92/8	























































































































			(i)	 First,	 the	 electron‐rich	 indenediide	 backbone	would	 deprotonate	 the	N‐tosyl	 amide	 and	 the	
alkyne	would	be	activated	by	π‐coordination	to	palladium	(intermediate	A).	
			(ii)	Cyclization	by	nucleophilic	attack	of	the	nitrogen	atom	on	the	C≡C	bond	would	then	give	the	













broad	 and	 ranges	 from	 linear	C5‐C7,	 the	 substituted,	 benzo‐fused,	 to	 internal	 ones.	And	 finally	 a	
majority	of	exo	lactam	products,	together	with	surprising	internal	endo	lactam	can	be	prepared	in	
































reaction	mixture	was	warmed	 slowly	 to	 room	 temperature	 and	 stirring	 for	 20	 hrs.	 In	 a	
second	 step,	 the	 reaction	 mixture	 was	 cooled	 down	 at	 ‐78°C	 and	 was	 again	 added	 n‐
butyllithium		(10.7	mL	of	a	1.6	M	hexanes	solution	diluted	with	10	mL	of	diethyl	ether,	0.017	
mol)	dropwise	over	a	1	hr	period	and	further	addition	of	chlorodiisopropylphosphine	(2.7	









the	 residual	 elemental	 sulphur	 and	 the	 impurities	 were	 first	 eluted	 with	 a	 mixture	
pentane/dichlorometane	 1:1	 and	 the	 desire	 product	 was	 eluted	 with	 dichloromethane	
affording	a	reddish	fraction.	This	fraction	was	collected,	evaporated	and	precipitated	with	


























































yellow	 solution	 becomes	brown,	 the	 reaction	mixture	was	 filtrated	 via	 cannula,	 and	 the	mother‐
liquor	was	concentrated	at	c.a.	4	mL.	Under	vigorous	stirring	were	added	60	mL	of	diethyl	ether.	A	










3JHP	=	18.0	Hz,	 3JHH	=	6.0	Hz,	12H,	CH(CH3)2),	1.03	 (t,	 3JHH	=	6.0	Hz,	12H,	 (CH2)3CH3).	 13C{1H}–NMR	
(CD2Cl2):	δppm	168.5	(t,	2JCP	=	21.9,	C2),	145.1	(m,	C4	and	C9),	116.0	(s,	C8	and	C5),	115.8	(s,	C7	and	C6),	
100.1	 (dd,	 1JCP	=	 114.0	Hz,	 3JCP	=	 15.8	Hz,	 C3	 and	 C1),	 59.0	 (s,	 (CH2)3CH3),	 27.6	 (d,	 1JCP	=	 48.3	Hz,	






















































Crystallographic	 data	 were	 collected	 at	 193(2)	 K	 on	 Bruker‐AXS	 APEXII	 Quazar	
diffractometer	 with	 Mo	 Kα	 radiation	 (λ	 =	 0.71073	 Å)	 using	 an	 oil–coated	 shock–cooled	























































































































Hz,	 2H,	 phenyl),	 4.22	 (m,	 2H,	 CH3CH2OOC),	 3.43	 (t,	 J=	 6.6	 Hz,	 1H,	 CHCH2C≡CH),	 2.74	 (m,	 2H,	
CHCH2C≡CH),	2.45	(s,	3H,	CH3	(Ts)),	1.99	(t,	J=	2.7	Hz,	1H,	C≡CH),	1.26	(t,	J=	7.2	Hz,	3H,	CH3CH2O).	
13C{1H}–NMR	(75.5	MHz,	CDCl3):	δppm	168.52	(C=O),	164.66	(COOCH2CH3),	145.31,	135.21,	129.56,	














































7H)	 ,	 1.73	 (m,	 3H).	 13C{1H}–NMR	 (75.5	MHz,	 CDCl3):	 δppm	 169.56	 (C=O),	 145.17,	 135.54,	 129.62,	










2.40	 (t,	 2H,	 CH2CO),	 2.11	 (m,	 2H,	 CH2C≡C),	 1.73	 (m,	 5H,	 CH2CH2CO	 and	 C≡CCH3).	 13C{1H}–NMR	
(CDCl3):	δppm	170.9	(C1),	145.2	(C11),	135.6	(C8),	129.7	(C10,	C10’),	128.3	(C9,	C9’),	77.6	(C5),	77.0	

















3‐cyclohexyl‐2‐tosylisoquinolin‐1(2H)‐one	 (1j):	 This	 product	 was	 prepared	 following	 the	















by	1H	NMR	and	31P	NMR.	Flash	column	chromatography	renders	 the	 lactams	 in	good	to	excellent	
yields.	 Crystallographic	 data	 (excluding	 structure	 factors)	 have	 been	 deposited	 to	 the	























































































2.17‐2.10	 (m,	 2H).	 13C{1H}–NMR	 (75.5	 MHz,	 CDCl3):	 δppm	 172.72	 (C=O),	 144.74,	 137.21,	 136.80,	













128.23,	 127.79,	 127.37,	 126.46,	 125.96,	 112.94,	 21.71.	HRMS	 (CH4‐Ionization)	 calcd	 for	 [M+H]	
(C22H18NO3S):	376.1007;	found:	376.1013.	
	
3‐phenyl‐2‐tosylisoquinolin‐1(2H)‐one	 (N‐attack	2i‐endo):	 1H–NMR	 (300.0	MHz,	 CDCl3):	 δppm	
8.32	(m,	1H),	8.00	(m,	4H),	7.71	(m,	1H),	7.48	(m,	5H),	7.27	(m,	2H),	7.04	(s,	1H),	2.40	(s,	3H).	13C{1H}–
NMR	(75.5	MHz,	CDCl3):	δppm	159.35	(C=O),	153.45,	143.05,	139.37,	135.71,	135.39,	130.90,	130.44,	





















1‐Deuterio‐N‐tosylpent‐4‐ynamide:	 A	 dried	 Schlenk	 was	 charged	 with	 N‐tosylpent‐4‐ynamide	
















































































This	chapter	will	 introduce	a	new	catalytic	system	based	on	 the	 indenediide	pincer	platform	in	
which	 Palladium	 was	 switched	 for	 Platinum.	 The	 synthesis	 and	 characterization	 of	 the	 new	 Pt	
complexes	 will	 be	 reported,	 followed	 by	 the	 evaluation	 of	 their	 performance	 in	 the	 catalytic	
cycloisomerization	 of	 N‐tosyl	 alkynylamides	 and	 alkynoic	 acids.	 Comparisons	 will	 clearly	
demonstrate	that	the	Pt	complexes	significantly	outperform	their	Pd	analogs,	 in	particular	for	the	











elemental	Pt.	The	earliest	hydrogenation	 reported	 in	1823	used	Pt	 as	 catalyst	 for	 the	 reaction	of	
hydrogen	with	 oxygen	 in	 the	 Döbereiner’s	 lamp,	 a	 device	 developed	 for	 lighting	 fires	 and	 pipes	
(Scheme	3.1).1	Since	 this	pioneering	process,	hydrogenation	reactions	have	been	one	of	 the	most	










NH3 5/4 O2 NO 3/2 H2O
 NO          1/2 O2                             NO2
2 NO2 N2O4









These	 complexes	 have	 found	 versatile	 applications	 in	 different	 fields.	 In	 addition	 to	 catalysis,	 Pt	
complexes	have	in	particular	received	increasing	research	interest	because	of	their	potential	utility	




Pt	 complexes	 have	 demonstrated	 diverse	 catalytic	 activities	 in	 a	 relatively	 large	 range	 of	
transformations.	 One	 of	 the	most	 impressive	 catalytic	 applications	 of	 Pt	 complexes	 is	 the	 olefin	
hydrosilylation.	 Pt	 complexes,	 such	 as	 the	Karstedt’s	 catalyst	 (Figure	 3.1	 b)	 are	 among	 the	most	






typically	 a	 favored	 process,	 for	 Pt	 complexes	 both	 reductive	 elimination/oxidative	 addition	 have	
large	 activation	 barriers,	 making	 C‐C	 formation	 slower	 (Table	 3.1).11	 In	 addition,	 Pt	 complexes	
possess	higher	kinetic	 inertness,	which	results	 in	much	slower	 ligand	substitution	process	 (up	 to	
several	orders	of	magnitude).	These	facts	make	Pt	complexes	less	suitable	for	C‐C	coupling	process,	





	 BDE	 ΔE≠	(RE)	 ΔE	(RE)	 ΔE≠	(OA)	 ΔE	(OA)	
C‐C	 87.4	 	 	 	 	
Pd‐C	 43.3‐55.2	 24.9	 ‐19.0	 43.9	 19.0	










protonolysis,	 cyclopropanation,	 or	 cation	 rearrangement,	 giving	 access	 to	 different	 product.13	 An	
illustrative	 example	 is	 intramolecular	 hydroalkoxylations	 of	 δ	 and	 γ‐hydroxyolefins	 catalyzed	 by	
[PtCl2(C2H4)]2/2P(4‐C6H4CF3)3	 (Scheme	 3.3	 a).	 The	 final	 step,	 namely	 Pt‐C	 bond	 protonolysis,	










PtCl2,	 is	widely	 used	 in	 a	 variety	 of	 such	 reactions.	 The	 transition	metal	 catalyzed	 cyclization	 of	
enynes	and	diynes	is	among	the	most	important	strategy	for	the	construction	of	functionalized	cyclic	


















the	 cycloisomerization	 of	 alkynoic	 acids:	 nucleophilic	 addition	 of	 a	 protic	 reagent/alkene	 to	 the	
alkyne	activated	by	π‐coordination	to	Pt.	Taking	into	account	the	efficiency	of	the	transformations	




































1H	NMR	 spectra	 at	 4.96	 and	 4.05	 ppm	 respectively,	 and	 no	 signal	 corresponding	 to	H2	 could	 be	
observed.	These	observations	are	consistent	with	the	formation	of	the	indenyl	pincer	complexes	IIa,b.	
The	chloro	platinate	complexes	IVa,b	were	prepared	reacting	 the	 indenyl	complexes	IIa,b	with	











































































IVa (R = Ph)












With	 these	 results	 in	 hands,	 the	 two	dimeric	 complexes	 III	 and	 IIIb	were	 employed	 for	 direct	




Entry Sub. Cat. (mol% [M]) 
T 
(°C) t (h) Conv (%)b 
1 1a III (5) 90 10 >99 
2 IIIb (1) 
IIIb (0.05) 
50 3 97 
3 90 12 >99c 
4 1b III (5) 90 12 >99 (98) 
5 IIIb (5) 90 0.4 >99 
6 IIIb (2) 90 3 >99c 
7 IIIb (0.4) 90 18 >99d 
8 1c III (5) 25 0.5 >99 
9  IIIb (5) 25 0.5 >99 
10 1d III (5) 60 0.16 >99 (98) 
11  IIIb (5) 60 1 >99 (88) 
a)Catalytic	 reactions	 performed	 under	 argon	 atmosphere	 using	 0.1	 mmol	 of	 substrate	 (0.14	 M	 in	 CDCl3).	





h),	 the	 Pt	 dimeric	 complex	 IIIb	 demonstrated	 better	 catalytic	 performance	 by	 carrying	 out	 the	
reaction	under	relatively	milder	reaction	conditions,	namely	lower	catalyst	loading	with	only	1.0	mol%	
[Pt],	lower	temperature	at	50	°C	and	in	only	3	h	(entries	1	and	2).	In	addition,	the	catalyst	loading	can	
be	 lowered	 down	 to	 500	 ppm	 (0.05	 mol%	 [Pt]).	 Correspondingly,	 the	 temperature	 should	 be	





increase	 of	 the	 reaction	 temperature	 (from	50	 to	 90°C)	 enabled	 to	 achieve	 complete	 conversion	
within	25	min	with	IIIb	(5	mol%	of	Pt,	entry	5).	The	1H	NMR	spectrum	of	the	reaction	displayed	has	
also	two	signals	for	the	characteristic	olefinic	protons	of	the	exocyclic	=CH2	group	(δ	=	5.56	&	5.12	
ppm,	 see	 experimental	 part	 chapter	 2),	 consistent	 with	 6‐exo	 cyclization.	 Comparatively,	 the	
formation	of	the	alkylidene	lactam	2b	is	much	faster	(~	30	times)	with	IIIb	than	with	the	Pd	complex	
III	(which	required	12	h	of	reaction	under	the	same	conditions,	entry	4).	Given	the	very	high	activity	




























The	 first	 tests	were	performed	with	 the	simplest	 linear	substrates	1e	 and	1f.	Here,	 the	 flexible	




at	 δ	 4.75	 &	 4.64	 ppm	 attributed	 to	 the	 exocyclic	 =CH2	 group.	 A	 small	 amount	 (~12	 %)	 of	
intermolecular	 addition	 product	 was	 detected	 by	 1H	 NMR	 in	 the	 reaction	 crude,	 but	 it	 can	 be	


































































nucleophilic	 ‐NTs	 attacks	 the	 carbonyl	 of	 the	 ester,	which	 subsequently	 leads	 to	 the	nucleophilic	
attack	of	the	O	to	the	activated	alkyne.	Finally,	the	spiro	product	is	formed	with	regeneration	of	IIIb.	














































































































































a)Catalytic reactions performed under argon atmosphere using 0.1 mmol of substrate (0.14 M in CDCl3) and catalyst loading of 1 and 5 mol% for 
the alkynoic acids and the N-tosyl alkynylamides, respectively. b)Conversions were determined by 1H NMR analysis with mesitylene as internal 
standard. Isolated yields are given in brackets. c)Substrate concentration of 0.5 M. d)Intermolecular addition products were detected by 1H NMR in 
122	
	
the crude reaction mixture. e)Unidentified products (19%) were detected by 1H NMR in the crude reaction mixture. f)Substrate concentration of 1 
M. g)Phthalic anhydride (57%) was detected by 1H NMR in the crude reaction mixture. 
Besides	remarkable	rate	enhancement,	replacing	Pd	for	Pt	also	influences	exo/endo	selectivity.	As	
glimpsed	previously	upon	cyclization	of	hexynoic	and	pentynoic	substrates	1a‐d,	the	Pt	complex	IIIb	






ppm	 (exo)	 and	 5.02	 ppm	 (endo)	 in	 the	 1H	 NMR	 spectra.	 Gratifyingly,	 the	 corresponding	N‐tosyl	










very	 challenging	 substrates:	 internal	 5‐alkynoic	 acids,	 that	 have	 been	 very	 rarely	 engaged	 in	










some	 activity	 but	 the	 conversion	 of	1s	was	 too	 low	 (6%	 after	 18	 h	 at	 90°C)	 to	 characterize	 the	
cyclization	products	and	evaluate	their	ratio.	
Comparing	the	performances	of	Pd	and	Pt	complexes,	the	Pt	dimer	demonstrates	overwhelming	
advantages	upon	 the	 substrate	 scope.	6‐	 and	7‐membered	 ring	 could	be	efficiently	obtained	 (full	
conversions)	as	well	as	high	selectivities	 for	6‐membered	substituted	rings	starting	from	internal	
alkynes.	Moreover,	the	Pt	complex	triggered	cyclization	of	substrates	bearing	internal	alkynes	that	
were	not	reactive	with	 the	Pd	catalyst,	even	 though	 in	some	cases	 the	conversions	were	not	 that	
promising	 so	 far.	 Furthermore,	 the	 complicated	 reaction	 mixture	 obtained	 for	 8‐member	 ring	


















To	 substantiate	 the	 contribution	 of	 the	 indenediide	 ligand,	 the	 catalytic	 activity	 of	 IIIb	 was	







Entry Sub.  [Sub]  Cat.  mol% [Pt] T (°C) t (h) Conv (%) 
1  1a  0.1  [PtCl2(ethylene)2] 1 25 5.5 mixture of unidentified products
3  1a  0.1  IIb  1 50 24 Traces 
4  1b  0.5  [PtCl2(ethylene)2] 5 90 24 n.r. 
5  1b  0.1  IIb  5 90 24 Traces 
 





















































to	 arduously	 seeking	new	potential	 catalytic	 systems,	 the	 introduction	of	proper	 additives	 to	 the	
provisionally	well‐established	catalytic	systems	has	become	more	and	more	ubiquitous	and	proved	
efficient.34‐36	 Generally,	 the	 additives	 enhance	 reactions,	 by	 promoting	 the	 reactivity	 or/and	 the	






array	 of	 H‐bonding	 additives	 were	 investigated	 in	 the	 model	 cyclization	 of	 4‐pentynoic	 and	 5‐
hexynoic	acid	(Table	3.7).	Herein,	the	formal	Pd	dimeric	complex	III	was	employed.	
Table	3.7	Investigation	of	additives	effect	upon	cyclization	reactions.	











































The	 initial	 studies	 began	with	 aliphatic	 and	 aromatic	 carboxylic	 acids	 (a‐d),	which	 showed	 no	
obvious	effect.	Using	stronger	acids	such	as	methane	sulfonic	acid	and	diphenylphosphoric	acid	can	
even	 completely	 inhibited	 the	 reaction	 (e	 and	 f),	 probably	due	 to	protonation	of	 the	 indenediide	
backbone,	 giving	 inactive	 indenyl	 species.	 Subsequent	 studies	were	 focused	 on	 a	wide	 variety	 of	
alcohols,	 diols,	 and	 triols	with	 aliphatic	 and	 aromatic	 skeletons.	 Simple	 alcohols	have	 little	 or	no	
impact	 (g),	 while	 diols	 and	 triols	 were	 found	 to	 improve	 the	 conversion	 (h‐j),	 in	 particular	 the	
aromatic	ones.	The	most	efficient	additives	are	those	featuring	proximal	hydroxyl	groups,	to	ensure	






















entry	 additive	 time	(h)	 yield	(%)	 ee	(%)	
1	 none	 8	 5	 93	
2	                 	 8	 8	 93	
3	 	 8	 15	 93	
4	 	 2	 80	 93	









































Entry  Additive  Time (h)  Conv. (%)  Exo/endo 

















After	 this	 first	 success,	 we	 decided	 to	 tempt	 a	 challenging	 linear	 amide	 in	 order	 to	 form	 a	 8‐
























solubility)	was	 then	 extensively	 studied	on	 the	 cyclization	of	 substrates	bearing	 internal	 alkynes	
(Table	3.10).		
Table	3.10	Cycloisomerization	of	substrates	1m‐r	bearing	internal	alkynes	by	IIIb.















































































a)Catalytic reactions performed under argon atmosphere using 0.1 mmol of substrate (0.14 M in CDCl3), 5 mol% of Pt and 0 / 30 mol% of pyrogallol 
at 90°C. b)Yields were determined by 1H NMR analysis with mesitylene as internal standard.  Isolated yields are given in brackets. c)15% of ethyl 
ketone side-product (5-oxo-heptynoic acid) 













Pt	complex	 IIIb	demonstrates	 further	enhanced	performance	especially	upon	 these	challenging	






In	summary,	 the	Pt	pincer	complex	 IIIb	was	 found	 to	complete	and	outperform	the	related	Pd	






further	 their	 catalytic	 applications.	 Future	 work	 will	 seek	 to	 increase	 the	 non‐innocent	 of	 the	
indenediide	pincer	ligand,	in	order	not	only	to	overcome	limitations	revealed	in	this	work	but	also	to	
















































Synthesis	of	 {PtCl[(iPr2P=S)2(C9H5)]}	 (IIb):	1,3‐(iPr2P=S)2(C9H6)	 (590	mg,	 1.2	 equiv.,1.4	
mmol)	 and	 [Pt(CH2CH2)2Cl2]	 (350	mg,	 0.5	 equiv.,0.6	mmol)	were	 suspended	 in	 15	mL	of	
toluene	 and	 was	 stirred	 at	 100°C	 for	 20	 hrs.	 A	 brown	 precipitate	 appeared,	 the	 red		
mother‐liquor	was	discarded	and	the	brown	precipitate	was	washed	with	diethyl	ether	(2	x	
20	mL).	After	drying	under	vacuum	the	complex	was	obtained	as	a	brown	powder	(660	mg,	
yield	 85%).	 The	 precipitate	was	 recrystallized	 by	 slow	 diffusion	 of	 CH2Cl2/diethyl	 ether	
affording	 yellow	 crystals	 suitable	 for	 X‐ray	 diffraction	 analysis.	M.p.	 205.4	 –	 209.8	 °C.		














24.0	 (s,	 satellites	 JCPt	=	32.7	Hz,	CH(CH3)2),	17.6	 (s,	CH(CH3)2),	17.2	 (s,	CH(CH3)2),	17.1	 (s,	
CH(CH3)2),	17.0	(s,	CH(CH3)2),	16.8	(s,	CH(CH3)2),	16.6	(s,	CH(CH3)2),	16.1	(s,	CH(CH3)2),	16.0	




























Synthesis	 of	 the	 dimeric	 complex	 {Pt[(iPr2P=S)2(C9H4)]}2	 (IIIb):	 A	 suspension	 of	
{PtCl[(iPr2P=S)2(C9H5)]}	(200	mg,	1	equiv.,	0.31	mmol)	and	sodium	acetate	(102	mg,	4	equiv.,	
1.24	mmol)	in	10	mL	of	toluene	was	stirred	at	90°C	for	1	hrs.	The	original	colourless	solution	
















































Synthesis	 of	 [N(n‐Bu)4]{PtCl[(iPr2P=S)2(C9H4)]}	 (IVb):	 A	 solution	 of	
{PdCl[(iPr2P=S)2(C9H5)]}	(200	mg,	1.0	equiv.,	0.31	mmol),	potassium	tert‐butoxide	(35	mg,	
1.0	equiv.,	0.31	mmol),	PS‐DIEA	(103	mg,	1.0	eq,	0.31	mmol)	and	[N(n‐Bu)4]Cl	(104	mg,	1.2	
































at	 0°C.	 The	 suspention	was	 stirred	 at	 room	 temperature	 for	 30	minutes	 and	 then	 under	

















2‐((benzyloxy)carbonyl)hept‐6‐ynoic	 acid	 (1g).	KOH	 (249	mg,	 4.45	mmol)	 was	 dried	
under	vacuum	heating	several	minutes	with	heatgun.	The	residue	was	suspended	in	10	mL	
of	 benzyl	 alcohol	 and	 added	 to	 a	 stirred	 solution	 of	 dibenzyl	 2‐(pent‐4‐yn‐1‐yl)malonate	
(1.30	g,	3.71	mmol)	 in	5	mL	of	benzyl	alcohol.	The	reaction	mixture	was	stirred	at	 room	
temperature	for	48h	and	extracted	with	water	(3	x	15	mL).	The	organic	layer	was	discarded;	
to	 the	 combined	 aqueous	 layer	 was	 added	 dichloromethane	 (20	 mL)	 and	 the	 pH	 was	
adjusted	to	2	–	3	with	aqueous	HCl	(2	M).	After	extracting	with	dichloromethane	(3	x	20	mL)	
the	collected	organic	layers	were	dried	(MgSO4)	and	concentrated	under	reduce	pressure.	
The	 residue	was	 dried	 a	 room	 temperature	 in	 high	 vacuum	 (3	 x	 10‐5	mbar)	 in	 order	 to	



























Ethyl	2‐(tosylcarbamoyl)hept‐6‐ynoate	 (1h).	This	product	was	prepared	 following	 the	
procedure	 described	 in	 the	 literature.	 The	 product	was	 cleanly	 isolated	 by	 flash	 column	












2‐(but‐3‐yn‐1‐yl)‐N‐tosylbenzamide	 (1j):	 This	 product	 was	 prepared	 following	 the	





































procedure	 described	 in	 the	 literature.	 The	 product	was	 cleanly	 isolated	 by	 flash	 column	









N‐tosylhept‐5‐ynamide	 (1s):	 This	 product	 was	 prepared	 following	 the	 procedure	
described	 in	 the	 literature.	 The	 product	 was	 cleanly	 isolated	 by	 flash	 column	
chromatography	with	Ethyl	 acetate	 and	Pentane	 (v/v,	1/3).	The	amide	was	 isolated	as	a	
white	solid	in	excellent	yield	(0.98	g;	89	%).	1H–NMR	(CDCl3):	δppm	9.10	(s,	broad,	1H,	NHTs),	
7.96	 (d,	 2H,	Ph),	 7.35	 (d,	 2H,	Ph),	 2.45	 (s,	 3H,	 PhCH3),	 2.40	 (t,	 2H,	 CH2CO),	 2.11	 (m,	 2H,	
CH2C≡C),	1.73	(m,	5H,	CH2CH2CO	and	C≡CCH3).	13C{1H}–NMR	(CDCl3):	δppm	170.9	(C1),	145.2	
(C11),	135.6	(C8),	129.7	(C10,	C10’),	128.3	(C9,	C9’),	77.6	(C5),	77.0	(C6),	34.9	(C2),	23.4	(C3),	









7-Methylene-oxepan-2-one8 (2e): In a sealed Schlenk under stirring was performed the catalysis 
in a bigger scale (252 mg of heptynoic acid in 4 mL of CDCl3). The reaction mixture was dropped 
in a round Schlenk and the solvent removed under vacuum, to the flask was adapted a cold finger 
and the residue was distillated under vacuum (10-3 mPa). At RT the lactone slowly volatizes but it 
condenses in the cold finger faster when it is cold down with liquid nitrogen. Once the cold finger 
is saturated the cold finger was rinsed with CH2Cl2 in order to recover the pure lactone 2e. This 
procedure was repeated two times more and were recovered 221 mg of 1e (84%). 1H–NMR 
(CDCl3): δppm 4.75 and 4.64 (m, 2H, C=CH2), 2.54 (m, 2H, CH2), 2.30 (m, 2H, CH2), 1.74 (m, 2H, 
CH2). 13C{1H}–NMR (CDCl3): δppm 172.6 (C7), 157.6 (C2), 102.2 (C1), 33.65 (C6), 32.6 (C3), 
29.0 (C5), 22.9 (C4). HRMS (CH4-Ionization) calcd for [7f+1H](C7H11O2): 127.0759; found: 
127.0759. Anal Calcd for C7H10O2: C, 66.65; H, 7.99. Found: C, 66.93; H, 7.94. 
 
 
benzyl 7-methylene-2-oxooxepane-3-carboxylate (2g). The reaction mixture was dried under 
vacuum and the residue purified in PLC (Silica gel, 60-F254, Pentane/AcOEt 80:20, rf. 0.4). Cat 
0.5 M, 130 mg of alkynoic acid, were recovered 75 mg of the lactone 2g as a colorless oil (yield 
58%). The lactone also can be purified by distillation and condensation in a cold finger (40°C, 10-
5 mPa).  1H–NMR (CDCl3): δppm 7.27 (m, 5H, OCH2Ph), 5.11 (s, 2H, CH2OPh), 4.75 (m, 1H, 
C=CH2), 4.63 (m, 1H, C=CH2), 3.71 and 3.70 (d, 1H, 3JHH = 9.6 Hz, 1H, R3CH), 2.41 (m, 1H, 
CH2), 2.17 – 1.87 (m, 4H, CH2CH2), 1.59 (m, 1H, CH2). 13C{1H}–NMR (CDCl3): δppm 168.7 (C3), 
168.5 (C5), 156.7 (C2), 135.3 (C7), 128.6 and 128.5 (Ph), 103.7 (C1), 67.5 (C6), 49.7 (C4), 32.2 
(C8), 26.8 (C10), 25.7 (C9). HRMS (ESI): m/z calcd for [M+H] (C15H17O4) Calcd: 261.113, 














Ethyl	 7‐methylene‐2‐oxo‐1‐tosylazepane‐3‐carboxylate	 (2h).	 After	 complete	
conversion,	 the	product	was	cleanly	 isolated	by	 flash	column	chromatography	with	Ethyl	
acetate	and	Pentane	(v/v,	1/6).	The	lactam	was	isolated	as	a	white	solid	in	good	yield	(72	
mg;	70	%).	1H–NMR	(CDCl3):	δppm	7.94	(d,	2H,	Ph),	7.33	(d,	2H,	Ph),	5.52	(s,	1H,	C=CH2),	5.40	





















3‐methylene‐3,4‐dihydrobenzo[f][1,4]dioxocine‐1,6‐dione	 (2l).	 After	 complete	














After	 complete	 conversion,	 the	 mixture	 products	 were	 isolated	 by	 flash	 column	






































by	 flash	 column	 chromatography	 firstly	 with	 Ethyl	 acetate	 and	 Pentane	 (v/v,	 1/4),	 and	
followed	by	separation	of	pre‐HPLC.	The	products	were	isolated	as	white	solids	in	excellent	
total	yield	(2rexo,	32	mg,	72	%;	2rendo,	16	mg,	28	%).		




(C2),	 29.9	 (C4),	 21.7	 (C12),	 17.2	 (C3),	 14.8	 (C7).	 HRMS	 (ESI):	 m/z	 calcd	 for	 [M+H]	
(C14H18NO3S)	Calcd:	280.1007,	Found:	280.1021.	











				Crystallographic	 data	 were	 collected	 at	 193(2)	 K	 on	 Bruker‐AXS	 APEXII	 Quazar	
diffractometer	 with	 Mo	 Kα	 radiation	 (λ	 =	 0.71073	 Å)	 using	 an	 oil–coated	 shock–cooled	


















































































































































































encouraging	 results,	 as	 well	 as	 an	 in‐depth	 understanding	 of	 the	 mechanism	 by	 experimental	 and	





formation	of	6‐membered	 lactams.	31P	NMR	monitoring	 indicated	degradation	of	 the	catalytic	species	
during	 reaction.	 A	 structural	 modulation	 of	 the	 ligand	 skeleton	 aiming	 at	 improving	 the	 catalyst	
robustness	was	therefore	envisioned,	by	exchanging	the	Ph	substituents	at	phosphorus	for	more	electron‐
donating	 iPr	 groups.	 Two	 new	 complexes	 were	 readily	 prepared	 following	 the	 synthetic	 strategy	
previously	reported	and	fully	characterized	(NMR,	IR,	XRD).	To	our	delight,	the	new	complexes	bearing	
iPr	groups	led	to	better	performances	than	their	Ph‐substituted	counterparts.	Thanks	to	this	modulation,	
the	 substrate	 scope	 of	 amides	 could	 be	 expanded,	 from	 linear	 non‐substituted	 C5‐C7	 amides,	 to	
substituted,	 benzo‐fused,	 and	 finally	 to	 internal‐alkyne	 ones.	 Notably,	 the	 7‐membered	 exo‐




platinum	 efficiently	 activates	 C‐C	 multiple	 bonds,	 in	 particular	 triple	 bonds,	 a	 straightforward	
strategy	to	switch	the	metal	center	from	Pd	to	Pt	was	envisioned.	To	this	end,	four	Pt	complexes	were	
prepared	 and	 fully	 characterized	 (NMR,	 IR,	 XRD).	 A	 rapid	 evaluation	 showed	 that	 the	 new	 Pt	
complexes,	in	particular	the	dimeric	one	featuring	iPr	groups	on	P,	outperformed	their	Pd	analogs.	
Subsequent	investigations	were	focused	on	the	challenging	formation	of	medium‐size	ring	lactones	
/	 lactams,	 including	 from	 substrates	 featuring	 internal	 alkynes.	 Gratifyingly,	 with	 the	 new	 Pt	
complexes,	 complete	 conversions	 in	 the	 formation	 of	 7‐membered	 lactones/lactams	 from	 the	
160	
	
corresponding	 linear	 acid	 and	 amide	were	 achieved.	The	 generality	 of	 such	 catalytic	 system	was	
supported	 by	 the	 successful	 formation	 of	 other	 diversely	 substituted	 7‐membered	 rings.	 Several	
substrates	bearing	internal	alkynes,	which	are	challenging	for	such	cycloisomerization	reactions	in	




















double	 bond.	 These	 products	 are	 interesting	 monomers	 for	 the	 preparation	 of	 functionalized	
























bis(thiophosphinoyl)indenediide	 dans	 la	 réaction	 de	 cycloisomérization	 d’acides	 alcynoı̈ques	 et	 de	 N‐
alcynylamides.	Le	manuscrit	est	divisé	en	trois	chapitres	:	
Le	premier	chapitre	englobe	une	révision	bibliographique	non‐exhaustive	de	la	coopérativité	en	catalyse.	








robustesse	 du	 catalyseur.8,9	 Les	 résultats	 montrent	 la	 pertinence	 de	 la	 modulation	 puisque	 des	 N‐




connu	 par	 sa	 capacité	 à	 activer	 les	 alcynes)	 ont	 été	 préparés	 et	 utilisés.	 Grâce	 à	 ces	 complexes	 la	





















Catalyse	par	double	 activation’,	 consiste	 en	 l’activation	d’un	des	 substrats	par	deux	 sites	 catalytiques	de	













La	 catalyse	 coopérative	 métal	 /	 ligand	 est	 devenue	 un	 concept	 important	 en	 catalyse	 grâce	 au	
développement	des	ligands	non‐innocents.		





















métal	 ligand.	 Ils	 sont	 connus	 depuis	 longtemps	 comme	 coopératifs	 aussi	 bien	 dans	 des	 réactions	




métal	 /	 ligand,	 grâce	 à	 leur	 complexe	 chiral	 amido	 de	 Ru(II).	 Ce	 dérivé	 a	 des	 excellentes	 activités	 et	















des	 CH2	 des	 bras	 latéraux	 conduit	 à	 une	 désaromatisation	 de	 la	 pyridine	 (Figure	 1.3).	 Ce	 système	





























d’hydrogène)	 de	 dérivés	 carbonylés	 et	 de	 déshydrogénation	 d’alcools.	 D’autres	 transformations	 plus	
complexes	impliquant	ces	étapes	d’hydrogénation	ou	déshydrogénation	ont	été	ensuite	décrites	tel	que	le	











métal	 /	 ligand.	D’autres	 systèmes	 ont	 été	 décrits	 dans	 la	 dernière	 décennie	 et	 certains	 d’entre	 eux	 sont	
appliqués	dans	de	processus	catalytiques	n’impliquant	pas	d’étape	d’hydrogénation	ou	deshydrogénation.	
Les	complexes	pince	indendiide	développés	par	notre	équipe	et	focus	de	cette	thèse	font	partie	de	ces	dérivés.	
Ces	 composés	 se	 caractérisent	 par	 un	métal	 (Pd)	 électrophile	 et	 un	 squelette	 carboné	 riche	 en	 densité	
électrophile	 à	 caractère	 non‐innocent	 (schéma	 1.4).	 Nous	 avons	 cherché	 à	 exploiter	 ces	 complexes	




de	 lactones	 à	 5,	 6	 et	 même	 7	 chaînons).	 Une	 étude	 conjointe	 expérimentale	 (marquage	 isotopique,	





Cependant,	malgré	 les	bons	résultats	obtenus,	des	 limitations	ont	aussi	été	 identifiées	 lorsque	certains	
alcynes	internes	ou	les	précurseurs	de	cycles	à	7	chaînons	sont	visés.	De	plus,	nous	avions	hâte	d’étendre	






Ce	 chapitre	 décrit	 la	 synthèse	 de	 nouveaux	 complexes	 pince	 indenediide	 de	 palladium	 et	 leur	
application	catalytique	pour	la	cyclisation	d’alcynylamides.	Les	performances	catalytiques	de	ces	différents	









ces	 transformations.	 L’activation	 de	 la	 liaison	 carbone‐carbone	 insaturée	 par	 le	 centre	 métallique	
électrophile	 est	 suivie	 d’une	 attaque	 du	 pro	 nucléophile	 permettant	 ainsi	 la	 cyclisation.	 Ces	 réactions	





au	 processus	 d’hydrogénation/déshydrogénation.23	 Cependant,	 la	 coopérativité	métal/ligand	 a	 aussi	 été	
appliqué	occasionnellement	à	d’autres	processus	incluant	la	cycloisomérisation.	
C’est	dans	ce	contexte	que	notre	équipe	a	développé	une	nouvelle	famille	de	ligand	pince	SCS	à	partir	du	



















métal/ligand	pour	 la	 cycloisomérisation	d’acides	alcynoïques.29	Cette	 réaction	ne	nécessite	pas	 l’ajout	de	
base	 externe,	 contrairement	 à	 d’autres	 systèmes	 métalliques,	 et	 a	 été	 appliquée	 à	 un	 large	 éventail	 de	
substrats.	C’est	dans	ce	contexte	que	les	travaux	de	cette	thèse	ont	commencé.	Nous	avons	choisi	d’appliquer	




Une	étude	préliminaire	a	donc	été	réalisée	mettant	en	 jeu	 les	complexes	SCS	 indènediide	de	Palladium	
disponibles	au	sein	de	l’équipe	(Tableau	2.1).	Ces	catalyseurs	se	sont	montrés	efficaces	pour	l’obtention	de	
lactames	 à	 5	 chainons	 avec	 des	 conversions	 quantitatives	 en	 1	 h.	 Cependant,	 une	 baisse	 de	 l’activité	
catalytique	a	été	observée	lorsque	la	formation	du	cycle	à	6	chainons	2b	a	été	testée.	Après	24	h	de	réaction,	
les	conversions	ne	dépassent	pas	92%	(entrées	4‐7).	Afin	de	déterminer	les	causes	de	cette	baisse	d’efficacité,	
un	 suivi	 RMN	 31P	 a	 été	 réalisé	 (Figure	 2.3).	 Lors	 du	 mélange	 de	 1a	 avec	 le	 catalyseur	 Ic,	 on	 observe	






























Entry	 Substrate	 Cat.	 T	(°C)	 time	(h)	 Conv	(%)	
1	 1a	 Ia	 60	 1h	 >99	
2	 1a	 Ib	 60	 1h	 81	
3	 1a	 Ic	 60	 50min	 >99	
4	 1b	 Ia	 90	 24h	 67	
5	 1b	 Ia	 90	 24h	 82c	
6	 1b	 Ib	 90	 24h	 49	










(Schéma	 2.2).26,29	 Une	 double	 séquence	 de	 déprotonation	 avec	 le	 n‐butyllithium	 suivi	 de	 l’ajout	 de	 la	
chlorodiisopropylphosphine	a	été	appliquée	à	l’indène.	Après	oxydation	avec	le	soufre	élémentaire	(S8)	et	
réaction	en	présence	de	Pd(PhCN)2Cl2,	le	complexe	indényle	IV	est	obtenu	avec	un	rendement	de	82%.	Après	
déprotonation	 avec	 un	 mélange	 de	 deux	 bases,	 PS‐DIEA	 et	 de	 tBuOK,	 en	 présence	 de	 nBu4NCl,	 le	







Pour	évaluer	 l’impact	de	cette	modulation	structurale	(iPr	à	 la	place	de	Ph)	sur	 l’activité	catalytique,	 la	
cyclisation	du	N‐Tosyl	hex‐5‐ynamide	1b	a	été	choisie	comme	réaction	modèle.	En	utilisant	II	ou	III,	le	6‐exo	
alkylidène	 lactame	2b	 est	 obtenu	 avec	 un	 rendement	 quantitatif	 en	 une	 nuit	 à	 90°C.	 Ce	 résultat	 est	 en	






La	cyclisation	a	 lieu	beaucoup	plus	rapidement	qu’en	présence	de	Ia‐c	à	60°C.	En	effet,	 le	 lactame	2a	est	
obtenu	avec	un	très	bon	rendement	(98%)	en	seulement	10	min.	Ce	résultat	nous	a	encouragé	à	diminuer	la	

















T (ºC) t (h) Conv (%)b
25 30 min 99 (99)

























25 30 min 99 (82)
1e 2e
2b1b











































amide.	 La	 réaction	 est	 accélérée	 de	 manière	 significative	 par	 l’effet	 Thorpe‐Ingold	 comme	 le	 montre	 la	
cyclisation	rapide	de	1c	(comportant	un	groupe	nHex)	à	température	ambiante	en	seulement	30	min	(entrée	
3).	 	 Les	 très	 bons	 résultats	 obtenus	 avec	 les	 substrats	 1d	 et	 1e	 démontrent	 que	 l’introduction	 de	
groupements	fonctionnels	tels	que	des	esters	et	des	amines	protégées	sont	compatibles	avec	notre	système.	
Le	lien	aliphatique	entre	la	N‐Tosyl	amide	et	la	fonction	alcyne	a	ensuite	été	remplacé	par	un	groupement	



























1	 1i	 Ia	 50	 5	 53	 92/8	
2	 1i	 Ic	 50	 5	 51	 93/7	
3	 1i	 III	 50	 5	 87	 84/16	
4	 1i	 III	 35	 20	 >99	(89)	 86/14	
5	 1j	 Ia	 50	 4	d	 51	 92/8	
6	 1j	 III	 50	 3.5	d	 >99	(92)	 92/8	
(a)	 Tous	 les	 tests	 catalytiques	 ont	 été	 réalisés	 sous	 atmosphère	 d’argon	 en	 partant	 de	 0.1	 mmol	
















amide,	 et	 l’électrophilie	 du	 palladium	 permet	 l’activation	 de	 l’alcyne	 par	 	 coordination	
(intermédiaire	A).	
(ii) La	cyclisation	par	l’attaque	nucléophile	de	l’atome	d’azote	sur	la	triple	liaison	carbone‐carbone	











a	été	réalisé	en	présence	du	chloroindényle	de	Palladium	IV	 (la	 forme	protonée	de	 II).	IV	 est	 totalement	




la	 cycloisomérisation	d’alcynylamides.	Une	 large	diversité	 structurale	de	 substrats	 a	pu	être	 cyclisé	 (des	
composés	 aliphatique	 à	 5‐7	 chainons	 jusqu’aux	 alcynes	 internes).	 Dans	 la	majorité	 des	 cas	 de	 très	 bons	
rendements	et	sélectivités	ont	été	obtenus	(supérieurs	à	90%).	


























des	 espèces	 dimère	 et	 trimère	 IIIa,b	 avec	 de	 bons	 rendement	 (IIIa	:	 78%	et	 IIIb	:	 87%).	 Les	 complexes	
chloroplatinate	 IVa,b	 sont,	 quant	 à	 eux,	 obtenus	 en	 utilisant	 la	 diisopropyléthylamine	 supportée	 sur	














3	 90	 12	 >99c	
4	 1b	 III	(5)	 90	 12	 >99	(98)	
5	 IIIb (5) 90 0.4 >99
6	 IIIb	(2)	 90	 3	 >99c	
7	 IIIb	(0.4)	 90	 18	 >99d	
8	 1c	 III (5) 25 0.5 >99
9	 	 IIIb	(5)	 25	 0.5	 >99	
10	 1d	 III	(5)	 60	 0.16	 >99	(98)	













à	 90°C)	 est	 nécessaire	 pour	 obtenir	 une	 conversion	 complète	 en	 25	 min	 avec	 IIIb	 (5	 mol%	 de	 Pt).	 La	
formation	de	l’alkylidène	lactame	2b	est	bien	plus	rapide	avec	IIIb	(environ	30	fois	plus	rapide)	qu’avec	le	































plus	 efficace	 pour	 former	 l’‐lactone	 2e.	 IIIb	 a	 donné	 également	 d’excellents	 résultats	 pour	 la	
cycloisomérisation	 de	 la	N‐tosylamide	 1f.	 La	 conversion	 complète	 de	 1f	 est	 achevée	 en	 22h	 à	 90°C	 en	
présence	de	5	mol%	de	Pt.	Au	cours	du	chapitre	2,	nous	avons	vu	que	2f	était	obtenu	avec	un	rendement	de	






















avec	de	bons	 rendements	 (57‐92%).	Des	études	de	diffractions	des	 rayons	X	 sur	2h	 et	2j	 ont	permis	de	
confirmer	sans	ambigüité	le	mode	de	cyclisation	(7‐exo	vs	6‐endo	et	attaque‐N	vs	‐O).	
Les	très	bons	résultats	obtenus	avec	les	cycles	à	7	chaînons	nous	ont	motivés	à	tester	ensuite	la	formation	


















Les	 acides	 carboxyliques	 et	 le	 N‐tosylamides	 possédant	 des	 alcynes	 internes	 sont	 des	 substrats	












caractéristique	 est	 encore	 une	 fois	 observée	 avec	 la	 	 cyclisation	 6‐endo	 de	 1m	 qui	 est	 légèrement	
prédominante	dans	le	cas	du	Pt	(exo/endo	1	:1.6)	alors	qu’avec	V	la	cyclisation	5‐exo	est	favorisée	(exo/endo	
1.5	:1).	Une	augmentation	de	la	sélectivité	exo/endo	est	également	détectée	avec	le	substrat	α‐substitué	1o	
avec	 une	 sélectivité	exo/endo	 de	 1/4.9.	 Les	N‐tosylamide	 correspondantes	1n,p,	 quant	 à	 elles,	 subissent	




deux	 types	 de	 substrats	 difficiles	:	 les	 acides	 5‐alcynoïque	 interne	 qui	 ont	 rarement	 été	 testés	 en	









de	 catéchol,	 a	 montré	 une	 augmentation	 significative	 de	 l’activité	 et	 de	 la	 sélectivité.	 Afin	 d’améliorer	
l’application	et	l’efficacité	du	complexe	de	Pt	IIIb,	l’influence	du	pyrogallol	a	été	étudiée	sur	la	cyclisation	de	
substrats	 internes.	L’ajout	de	30	mol%	de	pyrogallol	a	entrainé	une	augmentation	 impressionnante	de	 la	







remarquablement	plus	 actif	 que	 celui	de	Pd,	 IIIb	 converti	 10	 fois	plus	 rapidement	1q	 que	V.	De	plus,	 la	




En	 conclusion,	 nous	 avons	 démontré	 que	 le	 complexe	 SCS	 indèndiide	 de	 Paltine	 IIIb	 catalyse	 la	
cycloisomérisation	d’acides	alcynoïques	et	de	N‐tosylalcynylamides	et	même	qu’il	surpassait	son	homologue	
Palladium	V.	Notamment,	le	Platine	est	plus	efficace	pour	la	formation	de	cycle	à	6	et	7	chaînons.	La	vitesse	

















































This work contributes to the study of new indenediide pincer complexes, including their 
synthesis, characterization, and finally their activity in metal-ligand cooperative catalytic 
cycloisomerization of a range of alkynoic acids and N-tosyl alkynylamides. 
The 1st chapter compiled a non-exhaustive bibliographical survey of the field of metal-ligand 
cooperation in catalysis, from the pioneering work of Noyori using amido-Ruthenium complexes for 
hydrogenation, to the recent work of Milstein with pincer complexes based in dearomatized 
pyridine.  
The 2nd chapter of this thesis is dedicated to the development of the newly-tuned Pd indenediide 
pincer complexes and their application in metal-ligand cooperative catalysis. A structural 
modulation, by varying the R substituents Ph at phosphorus with iPr, was performed in attempt to 
increase the robustness of the Pd pincer complexes and enhance thereby their catalytic 
performance. Thus, two novel complexes were successfully synthesized and fully characterized 
(NMR, IR, XRD). Initial study demonstrated a better performance of the new complexes than their 
predecessor, as the cycloisomerization of N-tosyl alkynyl amides can be efficiently achieved. 
Moreover, the N-tosyl alkynyl amide scope was extensively studied, from linear non-substituted C5-
C7, then substituted, benzo-fused, and finally to internal alkyne ones. Eventually, a majority of exo 
lactams products, together with the unusual internal endo lactam can be prepared in excellent 
yields (most often 90 %). Note that the obtaining for the first time of 7-member ring methylene 
caprolactam via a cycloisomerization was pretty inspiring. Nevertheless, improvements for the 
current catalytic system remain. 
The 3rd chapter of this thesis is devoted to further modulation of the pincer complexes, in 
particular the switching of metal center from Palladium to Platinum. The newly-synthesized Pt 
complexes were evaluated in the cycloisomerization of N-tosyl alkynylamides and alkynoic acids, 
and the dimeric complex with iPr groups at the P atoms exhibited the best performance. The 
substrate scope was further extended to more challenging ones. In most cases, reactions were 
remarkably accelerated. Direct comparisons upon amides and acids bearing internal alkyne further 
indicated that the Pt complex outperformed its Pd analogue. In particular, the Pt pincer complex is 
extremely efficient for the formation of 6 and 7-membered rings. In light of in-depth understanding 
of the mechanism, several selected additives were employed as H-bond donor, to reinforce the 
cyclization. The reaction rate and selectivity for 6-endo (vs 5-exo) as well as 6-exo (vs 7-endo) 
cyclizations was greatly improved by using pyrogallol. For the first time, a large variety of  and -
lactones/lactams could be prepared with high selectivities and in very good yields.  
These results emphasize the unique properties of SCS indenediide pincer complexes and extend 
further their catalytic applications. 
 
Key words: pincer complex, metal-ligand cooperation, catalysis, cycloisomerization 
 Résumé de thèse 
Cette thèse décrit l’étude réalisée sur des complexes portant le ligand pince indendiide, incluant 
leur synthèse et caractérisation ainsi que leur activité en catalyse coopérative métal/ligand de 
cycloisomérisation d’acide alcynoïques et N-tosyl alkynylamides.   
Le premier chapitre fait un point bibliographique non-exhaustif du domaine de la catalyse 
coopérative métal/ligand, des premiers travaux précurseurs de Noyori sur les processus 
d’hydrogénation avec des complexes amido de ruthénium aux récents travaux de Milstein avec des 
complexes pince à base de pyridine déaromatisée.  
Le deuxième chapitre porte sur le développement de nouveaux complexes pince indendiide du Pd 
et leur application en catalyse coopérative métal/ligand. La modification structurale réalisée, 
remplacement des substituants Ph sur l’atome de phosphore par des iPr, visait à augmenter la 
robustesse des complexes et améliorer ainsi leur performance en catalyse. Deux nouveaux 
complexes ont été préparés et entièrement caractérisés (RMN, IR, DRX). Les premières évaluations 
d’activité catalytique ont en effet révélé une meilleure activité de ces nouveaux complexes 
comparés à leurs prédécesseurs, puisqu’ils sont capables de cycloisomériser de manière efficace les 
N-tosyl alkynyl amides. Une large gamme de substrats a été étudiée, incluant N-tosyl alkynyl amides 
linéaires non-substituées et substituées, d’autres à base de squelette phénylène, et même celles à 
alcyne en position interne. De manière générale, une majorité d’exo-lactames est formée avec des 
très bons rendements (~90%) sauf lorsque l’alcyne est en position interne, cas dans lequel l’endo-
lactame est formée préférentiellement. Il est important de souligner que le résultat phare de ce 
chapitre est la préparation pour la première fois de methylène lactames à 7-chainons par 
cycloisomérisation. Malgré les avancées notables atteintes dans ce chapitre, la grand modularité 
des complexes pince étudiés permet d’espérer des améliorations du système catalytique. 
Ces améliorations sont présentées lors du troisième chapitre. Il s’agit ici de remplacer l’atome de Pd 
par le Pt. Les nouveaux complexes préparés ont été évalués dans la cycloisomérisation de acides 
alcynoïques et N-tosyl alcynyl amides et le meilleur d’entre eux a été identifié (dimère à 
groupement iPr sur l’atome de P). A nouveau une large gamme de substrats, acides et amides, a été 
étudiée faisant varier la taille de cycle et la position de l’alcyne. La stratégie s’est avérée fructueuse 
puisque de manière générale ce complexe de Pt s’est montré plus actif que l’équivalent à base de Pd. 
En particulier, ce complexe présente une activité remarquable pour la transformation d’alcynes 
internes et la formation de cycles à 6 et 7-chaînons. La connaissance approfondie du mécanisme de 
la réaction a conduit aussi à l’utilisation d’additifs donneurs de liaison H afin de favoriser la réaction 
de cyclisation. Grâce à l’utilisation du pyrogallol, la vitesse de réaction et la sélectivité 6-endo (vs 5-
exo) et 6-exo (vs 7-endo) ont été améliorées de manière significative. Pour la première fois, une 
grande variété de δ et ε-lactones et lactames ont pu être préparées avec des très bonnes sélectivités 
et rendements.  
L’ensemble de ces résultats souligne les propriétés uniques de ces complexes pince indendiide et 
étend leurs applications catalytiques. 
